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PREFACE 


This report, prepared by the U.S. Department of Energy, 
Bartlesville Energy Research Center, for the U.S. Department of 
Transportation, Transportation Systems Center, Energy Technology 
Branch, Cambridge MA, presents results of experimental work to 
obtain information on performance characteristics of an engine 
used in automobiles sold in the U.S. The engine used in this work 
PwOneCwOL aeseurles. Of TO engines to, be tested in the current pro- 
Saab Seatscmine sSeventh»ot ‘the: reports;to be published covering 


work with those engines. 


This project is funded by the National Highway Traffic Safety 
Aamtiowsenatven., Office of Research» and Development ,;-Office of 


Passenger Vehicle Research, Technology Assessment Division. 


RainheG. Colelloland James) At Kidd, (Jr. jiof theUsS. Depart- 
ment of Transportation, Transportation Systems Center, are the 


technical monitors. 
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1. INTRODUCTION 


The objective of this program is to obtain engine performance data 
for estimating emissions and fuel economy for varied engine service and 
duty. The intent of this work is to provide basic engine characteristic 
data required as input for engineering calculations of fuel consumption 
and emissions involving ground transportation. 


The data acquired from tests of a 1977 Ford 171 CID engine are 
presented in this report. This engine is used by Ford in Pinto wagon 
and Mustang II models (3,000-3,500 1b wt class vehicle). The test 
results are sufficient to establish steady-state maps for fuel consump- 
tion and emissions (carbon monoxide, unburned hydrocarbon, and oxides 
of nitrogen) over the entire operating range of the engine. 


2. ENGINE TEST PROCEDURE 


The engine test setup included a new mean-tolerance engine with the 
exception of a fan and a cooling tower which were used in place of the 
radiator. The alternator was included but was not wired into the engine's 
electrical system. The engine was equipped with emission control systems 
including a Thermactor air pump, an oxidation catalyst, and exhaust-gas ~ 
recirculation (EGR). General engine specifications are listed in 
table 1. A single batch of unleaded regular grade gasoline was used 
throughout the breakin (table 2) and test; a detailed fuel analysis is 
given in table 3. The engine breakin consisted of 40 hours of engine 
operation on the dynamometer. The engine was operated at various speeds 
and loads designed to simulate road/load conditions (table 4). Engine 
testing began on 23 February and ended on 18 March 1977. The following 
data items were recorded at each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dewpoint, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, lb-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle angle, deg. 

CO, pct -- Beckman NDIR 

CO», pct -- Beckman NDIR 

QO, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F. 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NOx): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


¥ 7308.1 
P = exp par 3 BES 9 


where D = dewpoint, °F. 


2. Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) 


H Breups 


where B = barometric pressure, mm Hg. 


.3. Humidity correction factor (dimensionless): 


GS 
ihe SP Se Wetoo tA (Say 


Note: This factor is used to correct the NOx mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 

4. Stoichiometric air/fuel ratio (dimensionless): 


x 
_ 69(2 +2 - y) 
ats MWeyel ; 


where x = hydrogen-carbon atomic ratio of fuel, 
y = oxygen-carbon atomic ratio of fuel, 
Mifuel = fuel molecular weight per carbon atom, 


UZ OS ee M0079 7 xin 5 9994yi, 


5. Hydrogen concentration in raw exhaust (percent): 


Mp eo x(€O)(CO + CO 
‘2 ~ ~2(CO + 3C02) 

where CO = carbon-monoxide concentration (percent), 
CO> = carbon-dioxide concentration (percent). 


10. 


Note: This equation assumes a water-gas shift equilibrium constant 
(CO) (H50) i 
(CO>) (Ho) iF 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


(5)(CO + COp) - Hp 
Cy = 1+ ——_, 
100 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/fuel ratio (dimensionless): 


NO 
X x Xx 
Pamiucwen (her eC }(COz) + 2(02) + ton - He 
X HC 
Ceginon ay CO + COp + Cw (FG) 
where O09 = oxygen concentration (percent), 


NO, = oxides of nitrogen (ppm) s 
HC = unburned hydrocarbon concentration (p pmC). 


Exhaust flow (pounds per hour): 


Mey = Me (1 + AF) 5 
where Me = fuel flow rate (pounds per hour). 


Carbon monoxide mass emission rate (grams per hour): 


M HW 
HE G0 « fo) 


where leq = molecular weight of CO (=28.01]15), 
ley = molecular weight of exhaust gas (=28.967). 


Unburned hydrocarbon mass emission rate (grams per hour): 


uC MWy 
Mc = Mex (Te) (age) 453. 92S ae 


where [Wuc molecular weight per carbon atom of HC; 


= 12.01115 + 1.00797x + 15.9994y. 


11. Oxides of nitrogen mass emission rate (grams per hour): 


Mex MW 
t Bias NO NOx 
Noy = Gy (TOS) ney) (KH) 453-9237, 


where INNO, = molecular weight of N09 (=46.0028). 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


up = _M(T) _ (736.6) ft_+ 460 
5252.113 ‘B- PV 545 ° 


where N = engine speed (revolutions per minute), 
= brake torque (foot-pounds), 
t = air temperature (°F). 


3. DISCUSSION OF RESULTS 


Maximum corrected brake horsepower, maximum corrected torque, and 
brake specific fuel consumption (bsfc) are plotted as a function of 
engine speed at wide-open-throttle (WOT) in figure 1. The maximum 
power output of the engine gave results similar to those quoted in 
table 1. The maximum torque was found at a slightly lower rpm, and 
the torque was slightly lower than the specified value. The minimum 
bsfc value and the maximum torque output from the engine occurred at 
the same engine speed. The conditions which promote the low bsfc and 
the maximum torque are thought to be operation at an air-fuel ratio 
near stoichiometric (figure 2). The fuel rate seems to be nearly linear 
for all speeds except 2,000 and 2,400 rpm. 


The effect of the air-injection system on the calculation of air- 
fuel ratios can be seen in figure 3; these numbers do not reflect the 
actual stoichiometry in the combustion chamber. The air is injected 
into the exhaust gas stream for post-combustion oxidation of unburned . 
hydrocarbons and carbon monoxide (figures 3 and 4). Both oxides of 
nitrogen and fuel rate increase with BHP. See figures 5 and 6. 


4. CONCLUSIONS 


The experimental work to obtain performance data for the Ford 
171 CID engine has been completed and is presented in the tables 
accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


ee 


Displacement,“ CUzmINs.. cnn cc. eee eer 171 mo) Eh 
Maximum horsepower, bhp @ 4. 600 WODIN sega av catekeoteustersnelnes 93 
Maximum torque, lb-ft @ 2 800 PME Ee ee Sree 14] 
Bore and: Strokeatiiniti eee aise a Ae one oe ee 3.66 x 2.70 
ConPigqurationn ace oe ce eee ert ee eee een ra re V-6 
Compression ratio eee eee er eee ee 347/28) 
Fueling OPO ist Sa ei cis rele Hen areal ec moa ere end UR 1-4-2-5-3-6 
Ignition timing at idle speed, °BTDC @ 700 rpm...... 12 
Block. material sect. crete coe eam vain eM rcere tie eg coneee cast iron 
Head: maiter tials oscicehcsets 5 a eetieam vere aaen eaten na ek I ee cast iron 
Number of crankshaft main bearings...............00. 4 
Number ofcompress ioniriings//pistonaemaee seein ae 2 
Numberoifecoiil sgiings/ipilsicone eee erent nies rae ] 
Cami diptivessCy pers sce, sca) onne aiueeh cle. ayy-a eee eae ate gear drive 
Valve lift: 
Tinake site ois chines See ae eee ne 0.359 
EXNQUS Es VMs ais ie oa cite ete se ce eee a aes 0.357 
Valve timing: 
Intakemopens:, “BIG Seekers eee eae 20 
Intake® closes: SABC crs aiy or eee ot cae er a 56 
Exhaust opens; GBBC..,1c.).con ose ear 62 
ExhauStaeloses., \SATC tcc en scpetea ene ee ere 14 
Spark: plug: Gai dims cise eee eae et ear ee 0.034 
Exhaust-gas-recirculation system: 
Va VEr Cy PO: ects eletalacs, « Siena tereeear en eee oe reer: tapered stem 
Control’ Signals. carci ark sere ve checaaate eee ers ported vacuum 
POIntcsof discharde.iw....can eee oe eee intake manifold 
Crankcase emission control: 
Controll imethods soci. ces ear eeneenicreretea rere positive crankcase 
ventilation 
Podnt Of idiischangen. itm auc nen erence ee intake manifold 
Carburetor type: t.as. cera each cleckne eon ict eeeree 2V downdraft 
Distributor specifications :* 
Centrifugal advance, begins, ° @ 600 rpm....... 0 
Centrifugal advance, intermediate, ° @ 700 rpm. 6.8 
Centrifugal advance, full, ° @ 2,500 rpm....... 11 
Vacuumvadvancel,-beginsy.) «Clic alin iGj-eneiaerererreare 10 
Vacuum advance, maximum, ° @ 8 in. Hg.......... 16 
Carburetor: NUMBER ec week ws ee a ep aren ane a mene roa D-74E-9510AA 
EGR Va TVG sMmUMbe ret. sarstac, ae biictte care terene ome ce tore ates ate eee 9D475-D2A 
Distributor mumbe rss 5 fcc ccs ae ersee tree eeee eree 76TF-1200-EA-6BA 


*Distributor rpm and deg. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Fraction of 


Simulated Vehicle Engine Speed, Manifold Vacuum, 
Speed, mph rpm in. Hg Time in Mode 


6 
9 
4 
44) 
0 
a0 
He) 
40 
0 


Time per cycle = 2-1/2 hours. 
Mileage per cycle = 90 miles. 
Total mileage accumulated over the 40-hour break-in period = 1,440 miles. 


TABLE 3. FUEL SPECIFICATIONS 


Fue lnNosus se ethic d cee aee san Ee 7619 
Research octane iNowite ce see ck oes 91.5 
Motor octanerNok sistas see eo ele 83.5 
SHOTS: CLEN AE WOK aig GO ole Deora c 0.7161 
APT graviity,, Gegneess..i...' sisewieeses es 66.1 
Distillation, °F: 
10; pet evaponatedia. suc oaceme oe 128 
50 pct RRMA Cen a eae SS cine boa 218 
95 pct MEA SOAS ace MODS ee 404 
100 pct ROEM enc ols Be 417 
Reid vapor pressure, pSig............ 9.5 
FIA analysis, pct: 
AVOMAatTCS..disiece eiaelatekels ntereeeteneee ote 6 
OLEFINS Bae eS GE HO Ne 17 
Para t Eins s.:.csile o sieciat erence srerermotercnsenoe 77 
SUTURE PCE sas cceierereih cS tareae BE een reves 0.024 
Lead, g/gal RR Seas i heer oes On Gt. Trace 
Hydrogen/carbon atomic ratio......... 2.040 
Oxygen/carbon atomic ratio........... 0.000 
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FIGURE 1. 


Brake Specific Fuel Consumption, Torque, and 
Brake Horsepower versus Engine rpm at Wide- 
Open-Throttle--1977 Ford 2.8 liter Engine. 
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Speed and Load Conditions--1977 Ford 
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Various Speed and Load Conditions--1977 
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14 


HYDROCARBON, grams/hour 


35 


@ 1,000 rpm 
@ 1,600 rpm 
Q 2,000 rpm 

30 O 2,400 rpm 
& 2,800 rpm 
® 3,200 rpm 0 
© 3,600 rpm 
X 4,600 rpm 

25 

20 

15 

a 
S 
10 7 © 
BS 
O 
J Zu 
= ©) 
5+ A Kiso 
LY 
a c\ . ~ 
0 10 20 30 40 50 60 70 80 90 
POWER, bhp 


FIGURE 4. Hydrocarbon Emissions versus Power at 
Various Speed and Load Conditions-- 
1977 Ford 2.8 liter Engine. 
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FIGURE 5. Oxides of Nitrogen Emissions versus Power 


at Various Speed and Load Conditions-- 
1977 Ford 2.8 liter Engine. 
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and Load Conditions--1977 Ford 2.8 liter 
Engine. 
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